To determine whether two-dimensional echoeardiography can identify patients with left ventricular thromhus after myocardial infarction who are prone to embolism, clinical and echocardiographic variables in 541 patients with a first infarction between 1979 and 1983 were studied prospectively. The first echocardiogram showed definite thromhus in 115 patients (Group 1, 21%) and no thrombus in 426 (Group 2, control). In Group 1, 27 patients (23%) had clinical evidence of systemic embolism related to the thrombus before referral (Group la) and 88 did not (Group lb); these two groups were similar in age, gender and infarct location, but more Group la patients were within 1 month of the acute infarction.
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To determine whether two-dimensional echoeardiography can identify patients with left ventricular thromhus after myocardial infarction who are prone to embolism, clinical and echocardiographic variables in 541 patients with a first infarction between 1979 and 1983 were studied prospectively. The first echocardiogram showed definite thromhus in 115 patients (Group 1, 21%) and no thrombus in 426 (Group 2, control). In Group 1, 27 patients (23%) had clinical evidence of systemic embolism related to the thrombus before referral (Group la) and 88 did not (Group lb); these two groups were similar in age, gender and infarct location, but more Group la patients were within 1 month of the acute infarction.
In both Groups la and lb, the thrombus was found in apical views over asynergic zones, with no difference (p > 0.05) between the two groups in the size (average area from two views being 5.3 versus 4.5 cm'), type (protruding in apical views 30% versus 27%), location (apical 83% versus 86%; septai 11% versus 11%; posterior 4% versus 2%), extent of asynergy (31% versus 33%) and ejection fraction (33% versus 34%). However, the frequency of anticoagulant therapy was less (26% versus 63%, p < O.OOS), adjacent hyperkinesia greater (100% versus 49%, p < 0.005) and thrombus mobility greater (81% versus 19%, p < 0.005) in Group la than in Group lb. Serial echocardiograms revealed a decreased size of the thrombus by 6 months in both Groups la and lb, and little or no trace in 85% by 24 months.
Thus, ventricular thrombus size, location and protrusion in apical views on echocardiography did not correlate with embolism. In contrast, thrombus mobility, the presence of adjacent hyperkinesia and thrombus protrusion assessed in multiple views appeared to be strong discriminators of thrombus prone to embolism. These echocardiographic features might provide a guide for the duration of anticoagulant therapy. (J Am Co11 Cardiol1989; 13:554-64) Left ventricular thrombus represents a common complication of acute myocardial infarction (1) . It develops over the first few days after infarction (2, 3) . Most studies (4-l l), but not all (3) , suggest that such thrombus tends to embolize, the risk being highest within the 1st month after infarction. Despite increased morbidity from embolism after infarction, From the Division of Cardioloav. Deoartment of Medicine, Universitv of _~ Alberta, Edmonton, Alberta, Canada. Dr. Siviram was a clinical research fellow (1983 to 1984) supported by the Alberta Heritage Foundation for Medical Research, Edmonton, Alberta. This study was supported in part by a grant from the Canadian Heart Foundation, Ottawa, Ontario, Canada. It was presented in part at the Ninth European Congress of Cardiology, July 1984, Dusseldorf, West Germany.
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-for Bodh I. Jugdutt, MD, 2C2.43 W.M. Health Sciences Centre, University of Alberta, Edmonton, Alberta, Canada T6G 2R7. 0 1989 by the American College of Cardiology firm guidelines on the duration of anticoagulant therapy to reduce embolism in these patients are lacking, and the need for prolonged anticoagulant therapy is uncertain (10,ll) .
Two-dimensional echocardiography permits serial evaluation of patients with acute infarction at the bedside and at follow-up study. Tomographic echocardiographic imaging allows repeated evaluation of regional left ventricular asynergy (12) (13) (14) , regional and global function (13) (14) (15) , and topography (16) as well as left ventricular thrombus (17, 18) . Surgical and autopsy studies (19) have shown that echocardiography is a reliable noninvasive method for detecting left ventricular thrombus, with a 95% sensitivity and 86% specificity. Also, echocardiography complements indium-111 platelet scintigraphy in the diagnosis of left ventricular thrombus (20) . Strict echocardiographic criteria for the diagnosis of left ventricular thrombus have been described so 0735-1097/89/$3.50 March 1, 19893554-64 ECHOCARDIOGRAPHY OF LEFT VENTRICULAR THROMBUS AND EMBOLISM 
as to avoid a false positive diagnosis (18). Several retrospective studies (6, 7, 9) and a recent prospective study (11) reported that thrombus mobility and protrusion might predict embolism. In most patients in the latter study (11) infarction was remote and thrombus size or protrusion was not quantified.
The aim of this study was to determine whether variables on two-dimensional echocardiography can identify those patients with left ventricular thrombus after acute myocardial infarction who are prone to develop systemic embolism. To allow objective analysis, an attempt was made to quantify the echocardiographic variables. Fig. 1 ). Five hundred forty-one patients who were admitted to the University Hospital between December 1979 and June 1983 with a first acute myocardial infarction and were referred for two-dimensional Figure 1 . Patient groups. ZD-ECHO = two-dimensional echocardiograms; LV = left ventricular; MI = myocardial infarction. "Embolism" refers to an embolic event that occurred before referral and was thought to be related to the left ventricular thrombus. I  BD-ECHO   I  I  I  I I5  426   DEFINITE  LV THROMEUS  "NO" LV THROMSUS   GROUP  I  GROUP 2   I   I  I  1  39  307  EQUIVOCAL  DEFINITE  NEGATIVE   I  1  I  I I5  39  270  I I7  ALL O- echocardiographic assessment of left ventricular thrombus were studied prospectively ( Fig. 1 ). Of the 541 patients, 115 had a definite diagnosis of thrombus (Group 1); in 426 patients (Group 2, control), the diagnosis of thrombus was equivocal (Group 2a, n = 39) or definitely negative (Groups 2b and 2c, n = 387). The diagnosis of myocardial infarction was based on a typical history of chest pain and typical evolutionary changes on electrocardiography (ECG) and in serum cardiac enzymes. No patient had a past history or evidence of infarction, congenital or valvular heart disease, cardiomyopathy, endocarditis or a valve prosthesis.
Methods
Study patients (Table 1,
541
PATIENTS WITH FIRST MI
The embolism status of the patients at referral is summarized in Table I . All embolic events before referral had occurred within 12 h before the first echocardiographic study. In Group 1, 27 patients had clinical evidence of systemic embolism related to the thrombus (Group la) and 88 did not (Group lb). Diagnostic measurements and procedures. Written informed consent was obtained from each patient. Data collection focused on left ventricular thrombus and embolism. Clinical variables included: 1) results of physical examinations and functional Killip class scores (21); 2) data on cardiac enzymes, arrhythmias and drugs; and 3) evidence of systemic embolism. The criteria for cerebral embolism included evidence of a cerebrovascular accident supported by the typical pattern of neurologic deficit, defects on computed tomography, electroencephalographic abnormalities and findings on cerebral arteriography or autopsy, or both. Carotid stenosis was excluded by arteriography or Doppler ultrasound in the embolism group. The diagnosis of peripheral embolism was based on clinical evidence of arterial occlusion (brachial, femoral, splenic, renal, mesenteric) supported by arteriographic, surgical or autopsy data, or combined data.
The echocardiogruphic variables noted included: 1) left ventricular asynergy (13, 14) ; 2) left ventricular ejection fraction (13) (14) (15) ; 3) characteristics of the thrombus (size, location, mobility, special features) (18,19); 4) evidence of adjacent hyperkinesia and abnormal patterns of contraction in asynergic and normal zones; and 5) topography (16). The diagnosis of thrombus was made when a clear echo-dense mass, distinct from the endocardium and other intracardiac structures, was seen in at least two views throughout the cardiac cycle. Care was taken to avoid false positive diagnoses (18, 19) and to exclude false tendons (22).
Follow-up. All patients were followed up for complications, cardiovascular events and functional class as indicated by a questionnaire required in an ongoing research program. Initial follow-up study to December 1983 included repeat two-dimensional echocardiograms. Final follow-up study to June 1985 (by telephone or letter) provided a minimal follow-up period of 24 months on every patient. Two-dimensional echocardiography. All patients had systematic and detailed recordings with at least 8 of 14 views obtained with standard methods in our research laboratory, as described previously (13, 14) , and use of a wide angle phased array system (Varian 3400 or Diasonics 3400R). Additional multiple periapical projections with optimal gain and reject settings were used to best visualize the thrombus. All studies were videotaped, coded (tape and log numbers) and analyzed at the end of the study by two observers, who were unaware of patient identity and clinical data, using real-time, slow motion and single frame format.
The eight main views used for analysis included at least the apical four and two chamber views, the parasternal long-axis view, the subxiphoid view and four short-axis views (mitral, chordal, papillary and apical levels). Over the study period, a total of 3,176 research studies were done and 2,451 (77%) were on patients with infarction; of these, 1,352 were on patients in this study (4 per patient with thrombus, 2.1 per patient without thrombus). The sensitivity and specificity for detecting ventricular thrombus by multiple views in our laboratory (versus surgery and autopsy) are 96% and 90%, respectively, within the range reported by others (19) .
Analysis of echocardiograms. For analysis of asynergy, ejection fraction, thrombus size and shape, a simplified version of previous methodology from this laboratory was used (13, 14) . First, endocardial left ventricular outlines were traced on plastic overlays from good quality images frozen at end-diastole and end-systole using ECG gating for the three to four short-axis views and apical four and two chamber views. Special attention was given to anatomic landmarks (papillary muscle markings, right and left ventricular junctions), shape, thrombus and false tendons. Contours of the thrombus were drawn on the diastolic outlines, with special care in apical four and two chamber views. Outlines were modified on multiple video playbacks.
Second, markings of the extent of asynergy, defined as akinesia (no systolic inward motion and thickening) and dyskinesia (systolic outward motion and thinning), or both, were made on each endocardial diastolic outline by careful visual assessment of wall motion and thickening on repeated real-time video playbacks (13, 14) . Special attention was paid to the relative locations of asynergy and thrombus.
Third, the endocardial diastolic outlines, asynergic segments and thrombus contours in the apical views were then digitized on computer (HP 9874A and 9835A) for the extent of asynergy and diastolic area (13, 14) as well as the area, depth and width of the thrombus. The degree of protrusion of the thrombus was also quantified in four other ways: 1) by relating its depth and the width of its base (depth 2 base width; depth 2 l/2 base width; depth 2 l/3 base width); 2) by expressing the depth as a ratio of base width; 3) by expressing the depth as a ratio of the left ventricular internal diastolic diameter; and 4) by expressing area of the thrombus as a ratio of cavity area. In addition, qualitative visual assessment of "protruding" versus "nonprotruding" (or "mural") was made in the apical views alone versus all available views.
Fourth, left ventricular ejection fraction was computed from end-diastolic and end-systolic volumes calculated from the outlines of the apical four and two chamber views and the three to four short-axis views by the modified Simpson's rule (13) (14) (15) . In digitizing these areas, protruding structures such as the papillary muscles and attachments or thrombus were excluded (13, 14) .
Fifth, the presence of outward diastolic bulging or regional shape distortion in asynergic zones on end-diastolic outlines was noted (16, 23, 24) .
Sixth, special attention was paid to the presence of: 1) hyperkinesia adjacent to asynergic zones, with visual semiquantitative assessment of increased inward motion and thickening; and 2) increased thrombus mobility. The latter was defined as motion of the thrombus that was associated with motion of the wall as well as vigorous motion of the intracavitary margins, or motion of a portion of the thrombus independent of motion of the wall and the rest of the thrombus or erratic motion associated with fluffy and wavy strands. Similar patterns of thrombus motion were described by Haugland et al. (6) . Both adjacent hyperkinesia and thrombus mobility were scored on a scale of 0 to 4, based on visual assessment of real-time images; 0 = no motion; 1 to 4 = mild, moderate, marked and very marked motion, respectively, relative to that of the normal wall.
Inter-and intraobserver errors were negligible, ~1% in marking asynergy and area. Intra-and interobserver disagreement in assessment of thrombus motion was 8%, similar to the value reported by Haugland et al. (6) , and in assessment of adjacent hyperkinesia was 2%. Discordance was resolved by joint review and consensus.
Statistics. All coded data were analyzed at the end of the study in a double blind fashion. The statistical methods used included analysis of variance (ANOVA), multivariate ANOVA and chi-square test with ANOVA. Results are given as mean t SD. Differences were considered significant for a p value 50.05. March 1, 1989:554&t ECHOCARDIOGRAPHY OF LEFT VENTRICULAR THROMBUS AND EMBOLISM 
Results
Patient groups (Fig. 1) . Although eight tomographic views on echocardiography were selected as the goal in this study, all patients had good quality images adequate for analysis in at least five pertinent views from four different acoustic windows: apical four and two chamber and three short-axis (chordal, mid-papillary, low papillary or apical). Of the 115 patients who clearly had left ventricular thrombus (Group l), 27 (23%) developed embolism (Group la) related to the thrombus and 88 did not (Group lb). Of the 426 patients without thrombus (Group 2), 14 (3%) developed cerebral injury that was related to cardiac arrest and resuscitation rather than embolism ( Table 1 , Fig. 1 ). Patients in Groups la, lb, 2a, and 2b had Q wave infarction, while those in Group 2c had non-Q wave infarction ( Fig. 1) .
Clinical syndromes of embolism at entry ( Table 1 ). The diagnosis of cerebral embolism in the 24 patients in Group la, 3 patients in Group 2a and 1 patient in Group 2b was proven by computed tomographic scanning or angiography, or both. Additional validation of thrombus was subsequently obtained in 18 patients in Group la (67%) and 54 patients in Group lb (61%); at left ventricular angiography in 50 patients (9 in Group la, 41 in Group lb), at surgery in 14 patients (6 in Group la, 8 in Group lb) and at autopsy in 8 patients (3 in Group la, 5 in Group lb). In comparing data from echocardiography with those at surgery or autopsy, there was 100% agreement (72 of 72 patients) for thrombus location and shape; thrombus size tended to be slightly larger on echocardiography (y = 1.15 x + 0.26, r = 0.95, standard error of the estimate [SEE] = 0.9811, probably because of regression over the interval since the last echocardiogram and embolism before surgery or autopsy.
Clinical data on patients with tbrombus and embolism ( Table 2 ). There was no difference between the two groups in age, gender, ECG infarct location, frequency of ventricular arrhythmias, frequency of left bundle branch block, functional score on admission or at referral, peak creatine kinase and hospital mortality or mortality by the initial follow-up. The interval between acute infarction and the first echocardiogram was slightly shorter in Group la (3.9 versus 4.8 days, p = NS); more patients in Group la were seen within 1 month of infarction (74% versus 41%, p < 0.01) or "recent" infarction (11) . Supraventricular arrhythmias, mostly atria1 fibrillation, were more frequent in Group la. More patients in Group lb were receiving adequate anticoagulant therapy with heparin or warfarin at the time of referral (63% versus 26%, p < O.OOS), with clotting times of 15 to 20 min (normal < 11 min) or Quick's one-stage prothrombin time 1.5 times normal value, respectively. All patients with the diagnosis of thrombus on echocardiography received anticoagulant therapy, beginning with low dose subcutaneous heparin (5,000 U every 8 h) (25) or full dose heparin (10,000 U by intravenous bolus followed by infusion of 1,000 U/h) (26), followed by oral warfarin. Anticoagulation was maintained for up to 6 weeks. None of the patients received thrombolytic therapy. There was no difference in the use of other drugs between Groups la and lb. Initial echocardiographic data in patients with thromhus and embolism (Table 3 ). There was no difference between Groups la and lb in ejection fraction (33% versus 34%, respectively), location of thrombus (mostly at the apex in apical four and two chamber views, 85% versus 86%), underlying extent of asynergy as percent of the wall (31% versus 33%), arc length of the base of the thrombus in cm (4.5 versus 3.9 cm) or as percent of the underlying asynergic segment (68% versus 59%), average area of the thrombus from two views (5.3 versus 4.5 cm*) and the frequency of aneurysm with diastolic bulging (63% versus 55%). The thrombus was large, but the area varied over a wide range in both Group la (0.6 to 20.8 cm*) and Group lb (0.5 to 20.5 cm*). Similarly, the base width varied widely in Group la (1.5 to 9.5 cm) and Group lb (0.6 to 10.3 cm). The two patients with the largest base width of the thrombus (9.5 cm in Group la and 10.3 cm in Group lb) had a large apical aneurysm filled with highly echogenic thrombus. The depth also varied widely, from 1.1 to 8.4 cm in Group la and 0.4 to 8.5 cm in Group lb. More important, the frequency of hyperkinesia in the adjacent wall on real-time viewing was greater in Group la (100% versus 49%, p < 0.005) and the hyperkinesia score was also higher in that group (2.8 versus 0.8, p < 0.001). In addition, more patients in Group la showed thrombus mobility (81% versus 19%, p < 0.005) and the mobility score was also higher (2.6 versus 0.2, p < 0.001). A feathery, fluffy appearance at the margins of the thrombus with strands showing erratic motion was mostly seen in Group la (41% versus 2%, p < 0.005). Abrupt motion of the thrombus margin (associated with premature and irregular ventricular contractions or vigorous contraction of adjacent noninfarcted zones causing an hour glass configuration and marked reduction of mid-cavity dimension) was also more frequent in Group la (22% versus 6%, p < 0.05). None had the suggestion of calcification. There was no difference in the frequency of such features as layering, central translucency and concave margins between the two groups.
Among the patients without anticoagulant therapy (20 in Group la; 33 in Group Jb), the difference between the groups was still present with reference to the distinguishing features in Table 3 : 1) feathery and fluffy strands (45% versus O%, p < 0.0005) and the score of erratic motion (1.3 t 1.5 versus 0, p < 0.001); 2) thrombus mobility (75% versus O%, p < 0.0005) and the motion score (2.45 2 1.54 versus 0, p < 0.001); 3) abrupt motion of the thrombus (20% versus O%, p < 0.05) and the motion score (0.8 2 1.6 versus 0, p < 0.05); and 4) adjacent hyperkinesia (100% versus 48%, p < 0.0005) and the motion score (2.6 rt 0.7 versus 0.9 t 1.0, p < 0.001).
Different types of protruding thrombus (Fig. 2 to 5) . Several features of the thrombus prompted detailed analysis for protrusion. In Figure 2 , the apical thrombus was obviously large and protruding (width 3.5 cm, depth 5.5 cm), but the patient did not develop an embolic event over the 3 years of follow-up study, and the thrombus decreased in size. In March I, 1989:554-64 ECHOCARDIOGRAPHY OF LEFT VENTRICULAR THROMBUS AND EMBOLISM protruded into the left ventricular cavity in the parasternal long-axis view, apical view and one short-axis view, but was nonprotruding in another short-axis view; however, fluffy strands with erratic motion were seen at the protruding margins in the parasternal long-axis view, and this patient subsequently developed embolism. In Figure 5 , a large pedunculated thrombus that protruded 4.5 cm into the ventricular cavity was not seen at first on the conventional apical four chamber view, but was well visualized on periapical views; the thrombus was highly mobile and resulted in fatal embolism a few hours later. Thrombus protrusion and embolism (Table 4 ). To better evaluate the relation of the degree of protrusion to embolism, additional analysis of quantitative data was done. When thrombus protrusion was defined as a depth greater or equal to base width in apical four and two chamber views, there was no difference between Groups la and lb in the frequency of either nonprotruding "mural" thrombus or protruding thrombus on qualitative assessment. In fact, the thrombus was more frequently (p < 0.005) nonprotruding than protruding within either Group la (70% versus 30%) or Group lb (73% versus 27%). or both groups combined (72% versus 28%). Furthermore, semiquantitative assessment (based on whether thrombus depth was > base width, > l/2 base width or > l/3 base width) did not show differences in the frequency of protruding versus nonprotruding thrombus in the two groups. In addition, quantitative measurements of thrombus depth and base width as well as the depth to base width ratio were similar in the two groups. Quantitative ratios of thrombus to cavity area at end-diastole and endsystole were also similar in the two groups.
Itr contrast, qualitative analysis using all available vienls Figure 4 . Different appearances of an anteroapical thrombus (arrow); protruding in the parastemal long-axis (A) and apical views (B); nonprotruding in one short-axis view (C), but protruding in another (D). This was associated with embolism.
revealed a higher frequency of protruding thrombus in Group la (78% versus 22%, p < 0.005) and a higher frequency of nonprotruding thrombus in Group lb (82% versus 18%, p < 0.005) when "protrusion" was defined if the feature was present in any one view. The depth to base width ratio of the "protruding" thrombus from the data in apical four and 2 chamber views was greater for Group la than Group lb (1.66 versus 1.15, p < 0.001). However, the depth to base width ratio for the "nonprotruding" thrombus based on this new classification for Group lb not only was greater than for Group la (1.94 versus 1.44, p < O.OOS), but also was greater than the ratio for "protruding" thrombus in both Group la (1.94 versus 1.66, p < 0.1) and Group lb (1.94 versus 1.15, p < 0.001). There was still no difference in depth to base width ratio between Groups la and lb (1.61 versus 1.79, p = NS). The results among the patients with anatomic validation were similar to those in Tables 3 and 4 . Figure 5 . A large pedunculated thrombus. This thrombus was not seen in the apical four chamber view (A), but was clearly visible after rotating the transducer (B and C). This thrombus was highly mobile and was associated with fatal embolism. March I, 1989 :55464 ECHOCARDIOGRAPHY OF LEFT VENTRICULAR THROMBUS AND EMBOLISM (Table 5 ). Pertinent clinical and two-dimensional echocardiographic variables were ranked according to their ability to distinguish Groups la and lb with use of multivariate analysis of variance (27). The strongest discriminator for embolism was thrombus mobility. Other discriminators, in order of rank, were adjacent hyperkinesia, thrombus protrusion assessed in all views, mobile feathery strands and abrupt motion of the thrombus. Other variables had an F value for univariate discrimination less than the critical F ratio of 3.92.
Follow-up. Patients in Group 2 (control) had less (p < 0.001) asynergy (mean 13% +-10%) and higher (p < 0.001) ejection fraction (51% ? 11%) than did Group 1. Echocardiograms at the end of the initial detailed follow-up (26 months in each patient, mean 26) indicated decreased thrombus size in all (mean 1.8 + 1.2 cm'). At the final follow-up (~24 months in each patient, mean 44) echocardiography detected organized thrombus in only 17 (15%) of the 115 Group 1 patients with thrombus; the size was cl.5 cm' (mean 0.3 ? 0.2) in all. Embolism after referral and related to the thrombus from the indexed infarction occurred in two more patients from Group la and six patients from Group 1 b: before anticoagulant therapy in three and after cessation of anticoagulant therapy in five. Embolic events after referral and due to atherosclerosis occurred in eight patients in Group 2 (2%).
All eight patients with embolism ufter referral in Group 1
had a mobile thrombus. The thrombus in the three patients with embolism before anticoagulant therapy was fluffy in two ( Fig. 4 corresponds to one of the two patients) and pedunculated in one (Fig. 5) . The thrombus in the other five patients was associated with adjacent hyperkinesia and atria1 fibrillation. One of these five patients showed a central defect in the margin of the previous thrombus after embolism; this patient had a small thrombus (1 cm*), which was highly mobile with marked adjacent hyperkinesia, as well as paroxysmal atria1 fibrillation. He collapsed on the day of ambulation after infarction. None of these patients had detectable left atria1 thrombus.
Discussion
Echocardiographic features of thrombus associated with embolism. In this prospective two-dimensional echocardiographic study of 541 patients with a first myocardial infarction. left ventricular thrombus was detected in 21% of survivors referred 4 days after infarction, 23% of whom had already experienced systemic embolism. Detailed qualitative and quantitative analysis of the thrombus was done on serial echocardiographic data up to 2 years apart. The most important finding was that the highest ranking discriminator for embolism was thrombus mobility; the second strongest discriminator was the presence of adjacent hyperkinesia, also related to thrombus mobility; thrombus protrusion ranked third only when protrusion was assessed from multiple tomographic views, but not when assessed in only the apical four and two chamber views. The two other discriminators were also related to thrombus mobility: presence of mobile feathery and fluffy strands and presence of abrupt motion at margins of the thrombus.
Thrombus size and embolism. The second important finding was that variables relating to thrombus size were weak discriminators for embolism. Although the thrombus was not always apical (11% septal, 3% posterior), it was seen in each case in the apical four chamber and periapical views that are recommended for visualizing left ventricular thrombus (17, 28) . Although the size of the thrombus measured in those views varied over a wide range, the average thrombus was large (area 5 cm2, depth 3.5 cm, base width 2.4 cm), and size did not correlate with embolism. Such factors as large Q wave infarction, poor regional function (32% underlying asynergic segment length), poor global function (ejection fraction 33%), a short interval from acute infarction (average 4 days; 49% <l month) and a high frequency of aneurysm (57%) might have favored thrombus formation by virtue of low flow conditions and stasis, but did not correlate with embolism. Validation of the thrombus in this study was obtained in 70% of cases counting embolism and in 63% excluding embolism. Care was taken to avoid false positive diagnoses (l&19,22, 29) and not to confuse low amplitude swirling echoes for mobile thrombus (6, 18, 29) .
Thrombus topography and embolism. The third important finding was that thrombus topography was view-specific and that protrusion assessed in apical views alone (using four quantitative approaches) did not correlate with embolism. Thus, the same thrombus often appeared to be "protruding" in one view and not in another ( Fig. 3 and 4 ). Visser et al. (9) defined "protruding" as convex and "nonprotruding" as concave toward the cavity and found correlation between protruding thrombus and embolism. In this study, when a thrombus was defined as "protruding" if this feature was present in any one of several tomographic views on qualitative analysis, the actual degree of protrusion measured in the apical views was, indeed, greater for the embolism group than the nonembolism group, but it was also most marked for the "nonprotruding" nonembolism group. In fact, one of the largest protruding thrombi in this study was not associated with embolism after 3 years of follow-up (Fig. 2) . Thus, protrusion appears to be a common finding associated with a large thrombus, but a less strong predictor of embolism. Because of varied thrombus topography, protrusion should be assessed by viewing multiple tomographic sections.
Thrombus mobility, topography, morphology and embolism. The idea that thrombus mobility and embolism might be related is not new. The association has been reported by others (6, 9, 17) . In this study, five main patterns of thrombus mobility were recognized on detailed analysis, and they related closely to thrombus topography and morphology. First, increased motion of parts of a thrombus with the same echocardiographic density as the main body that is fixed, usually protruding and broad-based. This type was most common, being present in 81% of the embolism group and 19% of the nonembolism group.
Second, increased, wavy motion of low amplitude echoes, resembling feathery and fluffy strands, connected to a fixed thrombus that is often pointed or domed. This type was less common, being present in 41% of the embolism group and 2% of the nonembolism group.
Third, abrupt motion of part of a thrombus that results from either abrupt systolic wall motion caused by premature ventricular and atria1 contractions or vigorous contraction of adjacent noninfarcted segments. The latter was frequently seen with acute anterior infarction where increased contrac- March 1. 1989:554-6-l ECHOCARDIOGRAPHY OF LEFT VENTRICULAR THROMBUS AND EMBOLISM tion of mid and basal left ventricular regions caused an hour glass configuration in systole on parasternal or apical longaxis views. With a large protruding thrombus, the ventricular endocardium often came into contact with the surface of the protruding thrombus. It is possible that such contact of endocardium and thrombus, as well as associated high flow rates and abrupt motion, might trigger embolism. Sudden onset and offset of premature contractions or paroxysmal arrhythmias might also trigger embolism in a large protruding thrombus by similar mechanisms. Other causes of sudden or vigorous contraction might similarly contribute to embolism. In this study, abrupt motion and supraventricular arrhythmias (mostly atria1 fibrillation and premature atria1 beats) were equally more frequent in the embolism group (22% versus 6%).
Fourth, truly erratic and asynchronous motion associated with a pedunculated thrombus. This was seen in one patient ( Fig. 5 ) who developed fatal embolism a few hours after the first echocardiogram.
Fifth, abrupt, passive motion of margins of a thrombus due to adjucent hyperkinesia. The thrombus usually has a wide base. Such increased motion and thickening in the wall adjacent to the infarcted myocardium was common in the first few days after infarction and might represent a compensatory attempt by noninfarcted myocardium to maintain stroke output. Because of tethering, this adjacent hyperkinesia often leads to passive motion of infarct margins (12) . In this study, it was present in 100% of the embolism group and 49% of the nonembolism group and was usually associated with a large thrombus, anterior infarction and apical aneurysm. Although Haugland et al. (6) found a 50% association between this type of thrombus and central translucency, this feature was found in only 4% of our patients, all in the embolism group. Mechanisms for embolism. Cabin and Roberts (30) suggested that the larger surface presented by a protruding thrombus to moving blood might predispose to embolism, while low flow associated with aneurysm might protect against embolism. Although the frequency of thrombus protrusion and aneurysm did not differ in the embolism and nonembolism groups in this study, increased mobility of a protruding thrombus was associated with embolism and likely high flow. The results of this study suggest several different mechanisms for increased thrombus mobility and embolism: 1) increased mobility related to the topography and morphology of the thrombus itself or increased flow conditions, or both, (for example, pedunculated thrombi); 2) increased mobility secondary to increased, vigorous or abrupt motion of the adjacent noninfarcted wall (exerting increased pull on the asynergic zone containing the base of the thrombus), which causes "passive" motion of the thrombus (for example, adjacent hyperkinesia or abrupt motion associated with the sudden onset and offset of arrhythmias and ectopic beats); and 3) increased mobility associated with increased flow rates and actual contact of endocardium with the thrombus surface and a "clamping down" of the ventricular cavity on a large protruding thrombus (for example, spontaneous or drug-induced forceful contractions).
All eight patients who developed embolism after referral in this study had a highly mobile thrombus with some protrusion, but the morphology and topography were variable (fluffy feathery strands versus large pedunculated versus small or large discrete protruding mass). In other studies (6,7,9,1 l) , the association between embolism and thrombus mobility ranged from 35 to lOO%, and the association between embolism and thrombus protrusion ranged from 22 to 100%.
Timing of embolism and anticoagulation. The finding of embolism in 7% of patients after referral compared with 23% before referral in this study supports the view that embolism is more frequent within 1 month of infarction (4-l 1) . At the end of the follow-up period of 44 months, considerable regression of the thrombus had occurred, with only 15% detectable and a mean size of 0.3 cm'. It is possible that anticoagulant therapy for 6 weeks after referral might have prevented further thrombus formation and contributed to regression (25, 26) . However, the thrombus in some cases persisted despite anticoagulant therapy (2), and embolism developed in 4% after anticoagulant therapy was stopped. Thus, the chronic thrombus is associated with "an ongoing embolic risk" (1 l), but the risk is lower than with the acute thrombus. Embolism did not occur during anticoagulation in the present study. Whether the recent National Heart, Lung and Blood Institute recommendation for anticoagulant therapy in all patients with acute anterior infarction with heparin, followed by warfarin for 1 to 3 months (3 l), might further reduce systemic emboli remains to be evaluated. A recent study (32) suggested that both low and high dose heparin precented thrombus formation after acute anterior infarction. The mortality in patients with thrombus in our study is less than that reported by others (3, It) .
Limitations of study. Although strict criteria were used to diagnose clinically evident systemic embolism, "silent" embolism might have occurred. Also, echocardiographic imaging cannot detect surface activity. as reported with indium-1 I 1 platelet imaging (20).
Conclusions. The overall results of this study indicate that patients with left ventricular thrombus on two-dimensional echocardiography have an increased embolic risk mainly because of increased thrombus mobility and adjacent hyperkinesia as well as thrombus protrusion assessed in multiple views. The need for multiple tomographic views is emphasized. More important, the results also suggest that anticoagulant therapy after detection of a thrombus by echocardiography might prevent embolism or reduce the embolic risk. Whether the echocardiographic features might provide a guide for the duration of anticoagulant therapy should be evaluated prospectively. We thank Gordon Blinston, PhD for assistance with statistics.
